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SUMMARY

A semivaneless turbine stator designed to eliminate blade wakes and
secondary-flow accumulations of boundary-layer air was built and tested.
Performance of this stator was evaluated with static pressures measured
in the vaneless section and surveys of total pressure and flow angle
made at the stator exit.

The experimental results indicated that the semivaneless stator set
up free-vortex flow which was substantially free of clrcumferential gra-
dients in flow angle and total pressure. ILoss in total pressure across
this stator was slightly greater than that measured with a conventional
stator designed for the same exit flow conditions. Radiasl distribution
of momentum loss indicated that the slight additionsl loss appeared at
the inner wall.

INTRODUCTION

The study of the aerodynamic performence of compressor and turbine
blaede rows is frequently complicated by the occurrence of irregular flow
at the inlet of the blade row being studied, which resulits from localized
losses developed in previous blade rows. Consideration of this problem
1s particularly important 1in the study of turbine rotor-blade performance
because of the high kinetic-energy level of the spproaching fiuid. Sta-
tionary loss patterns resulting from the turbine stator-blade wakes and
loss accumulations present to the rotor blade a flow field of pulsating
flow angles and velocities with a frequency determined by the rotor
speed and number of blades in the stator row. It is apparent, then,
that attalnment of an inlet flow field free of circumferential gradients
and with a specified radial distribution of velocity-diagram parameters
could greatly simplify the determination of rotating-blade-row and blade-
element performance by separating out the effects of stationary loss
patterns. The effects of these patterns on the rotating-blade-row per-
formance would, of course, still remain to be determined.
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A senmivaneless turbine stator was designed to produce & free-vortex
flow with no circumferential varlstions In. total pressure, static pres-
sure, or flow angle. This stator consists of a conventional blade row
with hub and tip radii greater than the specifiled exit radil and a vane-
less annuler passage which guides the flow to the exit. A cross section
through the axis of the stator assembly is shown in figure 1, illustrating
the reletive sizes of the components, Alr is turned 1n the blade row to
design moment-of-momentum at velocities which are lower than the exit
velocities hecause of the greater radli and the greater aennular area.
The vaneless part of the stator then accelerates the flow to the exit
flow condition by reducing hub and tip radil as well as annular flow
ares. The vaneless section was designed to produce smooth acceleration
on both walls according to a three-dimensional solution of the equilib-
rium and continuity equations.

This stetor was designed to produce a free-vortex flow with hub
turning of 66.8°, hub critical veloclty ratio of 1.295, and no circumfer-
ential gradients. Loss accumulations at the exit of the blade row were
to be kept to a minimum by the low level of velocities in turning, wherein
the kinetic-energy level would be qulte low compared with the stator-exit
conditlion. The loss accumulations and wekes were then to be mixed by the
vaneless transition section, which elevates the kinetic-energy level by
85 percent while eliminating circumferential gradlents associated with
the stator blades. -

The purpose of this report is to present the design of the semivane-
less stator, theoretical and experimental veloclties within the vaneless
transition section, and results of detailed surveys of pressure and flow
angle at the stator exit made with the stator operating atv design condi-
tions. Results of the exlt surveys are compared with similer information
obtained with a more conventional stator designed for the same exit flow
conditions,

SYMBOLS
A area, sq ft
2 in2
cos“B sin“g
a paranmeter, ¥ " T o5 G
o perameter, sin B tan a (aV,/dm)

acceleration due to gravity, 32.2 f't/sec2
K vortex constant, sq ft/sec

m distance slong streamline in meridional plane, £t
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distance along orthogonal in meridionsl plane measured from inner
wall, ft

P pressure, 1b/sq ft

R gas constant, ft-1b/(1b)(°R)

r radius sbout axis of rotation, ft

Te radius of streamline curvature in meridional plane, ft

T tempersture, °R

v velocity, ft/sec

V_. critical velocity, ;ZL%

W welght flow, 1b/sec

o angle between streamline in meridional plsne snd sxis of rotation,
eg

B angle between velocity and component of velocity along streamline
in meridional plane, deg

T ratio of specific heats

o%* momentum-~loss parameter, ratio of momentum thickness to blade
spacing normal to flow

p density, lb/cu £t

Subscripts:

an annular

h bub

i inner wall

id ldeal

o] outer wall

t tip

clrcumferentiael direction
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X axial direction

0 station in iInlet tank

1 station just upstresm of stator-blede row (fig. 7)

2 station just downstream of stator-blade row (fig. 7)
3 station at exit of semiveneless stator (fig. 7)
Superscript:

! stagnation condition

STATOR DESIGN

The semivaneless turbine stator was designed for free-vortex flow,
hub turning of 66.8° ; & hub critical velocity ratio of 1.285, and a 0.6
hub-tip radius ratio. Thils design point was selected to coincide with
that of an existing conventional turbine stator for which performance
date were svaileble. Both stators were designed for an inlet equivalent
welght flow of 21.17 pounds per second with an assumed loss total-
pressure ratio of 0.87. The velocity diagrams are shown in figure 2.

Stator-Blade Design

The blades of thls stator are designed to produce free-vortex flow.
Alr passing through the transitlion section will then have one value of
moment~of -momentum at all points on all streamlines. With the vortex
Tlow condition and equivalent weight flow specified, a number of tip
radil and asnnuler sreas at the blade exit were considered in selecting a
blade-exlt design polnt. Figure 3 shows the effect of variation of these
parameters on blade-exit hub conditione for a blade-row loss total-
pressure ratio of 0.98. The perameters are shown in ratio form.

Selection of the design polnt on figure 3 was somewhat arbitrary
and resulted from the following consideratlons:

(1) Velocities were to be definitely subsonic in order to keep the
kinetic energy relatively low 1n the vicinity of the blades.

(2) Tip diameter was to be near the minimum consistent with the
first requirement. Minimizing this dimension also minimizes frontal ares
and axlal length of the transition section for any specified minimum wall
curvature in the meridional plane.

96¢¥
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(3) Minimum hub diameter was desirsble since it would minimize the
necessary change in inner-wall radius and, hence, the inner-wall curva-
ture and/or axisl length.

Examination of figure 3 shows that each radius ratio has & minimum
critical velocity ratio within or very near the range of ares rstios
consldered. A tip radius retlo of 1.250 was selected because it resulted
in a minimum velocity of the desired level. The point chosen on this
line of 1.25 tlp radius ratio represents a hub radius ratio ph,z/rhvs

of 1.542 and was a compromise between considerations of low-velocity
level and minimum change in inner-wall radius. The annular area ratlo
selected is 1.10. ILarger ratios result- in smaller ipner-wall radius
changes but would slso mean higher inner-wall veloclties. Flow angle
was Included in the analysis simply to ensure & reasonable value. Hub
and tip diameters corresponding to the design point selected are 14.8
and 20.0 inches, respectively, with corresponding stetor-exit diameters
of 9.6 and 16.0 inches,

The hub, meen, snd tip blade-exit velocity diasgrams resulting from
this choice of dismeters, the required welght flow, and the free-vortex
flow distribution are shown in filgure 4. These velocity diagrams provide
design moment-of-momentum with a kinetic-energy level of 54 percent of
the stator-exit kinetic energy.

The number of blades in the stator was set at 30, and the passages
were drawn with straight suction surfaces downstream of the throats.
legding~ and tralling-edge radil were 0.015 and 0.010 inch, respectively.
Blade surface and midchannel velocities were then cglculated to satisfy
continuity; simple radial equilibrium for midchannel conditions at hub,
mean, and tip radil; and the two-dimensional stream-filament channel
anelysis described in appendix A of reference 1 st each section. The
first trial was consldered satisfactory and resulted in blade solidities
of 2.1, 1.9, and 1.7 at hub, mean, and tip, respectively. Channel veloci-
ties are shown in figure 5 for the hub, mean, and tip sections between
the first and last orthogonels calculated. The blade profiles are shown
in figure 6, and the coordinates are given in teble I.

Transition-Section Design

The design of the vaneless transition section involved a three-
dimensional solution for continuity, free-vortex conditions, end equilib-
rium. Axiel symmetry in the flow throughout the transition sectlon was
assumed in calculating veloclty distributions; so the Inner and outer
waells were lald out in the meridionel plane (plane passing through the
axis of rotation) to determine geometrical parameters for the flow
equatlions.
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A brilef statement of the veloelty calculation for each orthogonsal
In the meridionsl plane is as follows: i '

(1) Measurements of a« &and r, were msde at the end walls and
three spproximate streamlines in the meridional plane.

(2) The circumferential component of velocity Vy, was then calcu-

lated at intervals of no/4 along the orthogonsl as & functlon of r
according to the following equation:

Ve =3 (1)

where K 1is the vortex constant specified at the stator exit.

- (3) Values of B were then assumed at the inner wall and a distance
of ngf4 from the inner wall. |

(4) Knovledge of B and V, at the inner wall specified the corre-
gponding V since
Vu
Ul-=re SR (2)

(5) The following eguation from reference 2 was then used to calcu-
late V at a distence of n, /4 from the inner wall:

n no. n
Jr a dn - Jr a dn
v=e'© v, - be O dn (3)
0
where

2 2

= CO8°B _ _s8in“B
& T, T cos a (3e)
b = sin B ten o (4V,/dm) (3b)

Equations (3a) and (3b) are presented here in & simplified form correspond-

ing to no rotation of the blade row.

The calculated value of V at a distance of no/4 from the inner
wall with the value of V, specified by equation (1) at this point gave

& new value of ‘B to compare with the assumed value. This permitted a
trial-and-error solution for B eand V.

98¢
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This procedure was repeated at intervals of no/4 until the outer
wall was reached. The result was flow distribution along the orthogonsal
consistent with the assumed vaelue of B &t the inner wall, the specified
geometry, and the vortex distribution of the tangential component of ve-
locity. The resulting veloclty and angle distributions were then used to
check continuity with the following equatlon:

Y _cos Br dn (4)
0 Pp'Veor

The calculations of continuity through this stator were for standaerd sea-
level condltions at the stator inlet with s 2-percent drop in total pres-
sure in the blade row, as stated previously, and sn additional l-percent
through the transition section. A linear varlation in totel pressure
with axial distance through the transition section wes used.

Exploratory calculstlons with the walls contoured approximately in
sine waves indicated that the most critical part of the transition section
is near the exit, where the flow is approaching the exit flow condition.
Here the wall and streamline curvabure 1n the meridionsal plaene is opposite
in sign to the curvature sbout the axis of rotation. This causes the ve-
locity gradient along an orthogonal to he smaller than that which exists
in the exit cylindrical annulus where design flow distribution exists.
The circumferential component of velocity is a function of radius only;
so this reduction in the velociby -gradient results in lower through-flow
velocities near the inner well. This means that & tendency toward over-
turning neer the inner wall and underturning near the outer wall will
exist wlth a corresponding streamline shift away from the inner wall.

The part of the transition section near the intet, however, has curvabure
which is additive with the curvature about the sxis. This, then, results
in & stresmline shift towerd the inner wall with the flow turning toward
the axiel dlrection, while at the oubter wall the flow l1s. turned away from
the exis) directlon. In one of the early trials, values of r, near the
exlt were relatively low, setting up a velocity gradient which led to
greatly excessive mass flows for all reasonsble values of B at the hub.
It became spparent that this geometry at design welght flow would lead to
a mass-flow void near the exit at the inner wall with a value of B of
90° near the first streamline. No difficulty was experienced near the
inlet of the transition sectlon because of the greater radii and the hub-
tip radius ratio which specified a much smaller change in V, s&along the
orthogonal.

Subsequent trisls in establishing a design geomelry were devoted
largely to increasing the radius of curvature of the walls near the exit
of the stator and, consequently, increasing the axisl length of the tran-
sition section. The resulting wall profiles are shown in figure 7 and the
coordinates are glven 1in table II.



8 ' ’ NACA TN 3980

Calculations of velocitles with the final geometry were mede along
six orthogonals with an assumed streamline pettern. The resulting veloci-
ties and flow angles were then used to cslculate & new streamline pattern.

A second solution for velocity and angle distributions using the new
streamline geometry resulted in little change in velocities at the walls.
Velocltles calculated in both trials were considered satisfasctory through-
out the transition sectlon, however; so no additional trials were made,
snd the solution was considered adequate.

Figure 8 shows the distribution of critical velocity ratio in the
transition section resulting from the second trial. This figure shows
fairly smooth acceleration everywhere except in two small areas near the
outer wall where some deceleration occurs.

Figure 9 shows the distribution of B corresponding to the velocity
distribution of figure 8. This figure clearly shows the effect of wall
and streamline curvature. Near the exit a large gradient in angle ascross
the passage exists with very high turning near the inner well and rela-
tively low turning at the outer wall. Near the inlet, where the meridionsl
streamline curvature is opposite in sign from curvature about the axis of
rotation, the effect of wall curvature on flow angle was reversed but
much less pronounced.

The calculated angle distribution was used to project a radisl line
at the blade exit, station 2, along streamlines in the transition section
to statlon 3. Figure 10 shows the progressive distortion of this line,
which approximstes a stator-blade wake, as it moves through the transition
section. The projections of five such lines one blade spacing apart are
shown in the plane of station 3 to illustraste proximity of adJacent blade
wekes after acceleration through the transition section. The smaller
helix angles and radil along the inner wall result in e much greater cir-
curferentisl displacement there than anywhere else, 150° compeared with
76° at the mean snd 54° at the tip. This figure end consideration of the
change 1n kinetic energy through the transition section indicate the like-
lihood of consldersble mixing of all radii, with the greatest mixing
occurring near the inner wall.

APPARATUS

The cold-alr test facllity used in this investigastbtion consisted of
inlet piping, filter and inlet tanks, test section, discharge collector,
and plping to exhaust system. Dry air, passing through a thin-plate
orifice in the inlet piping, was used In the investigation.

The 30 steel stator blades were bolted to a steel inner ring with the
tips of the blades held between spacers fastened to the outer ring. This

9GCF
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arrangement permitted adjustment of the blade settings to ensure proper
weight flow. The treiling edges of the stator blades were located sbout
0.50 inch axislly upstream of the beginning of curvature of the transi-
tion section. The inner well of the transition section was made of Fiber-
glas and the outer wall was machined from a steel weldment, both to the
coordinates shown in teble II. A photograph of the stator is shown in
figure 11.

INSTRUMENTATTION

The airflow measurements were maede with s standard submerged thin-
plate orifice calibrated in the installation by surveying flow through a
nozzle at several flow conditions.

Inlet total temperature was measured in the inlet tank sbout 5 feet
upstream of the test section. Inlet static pressures were messured with
two taps on the inner wall and two on the outer wall just upstream of the
blades (station 1, fig. 7). These pressures were used in the calculation
of the inlet total pressure. Eight inner-wall static taps in & radial-
axial plene were located 0.20, 0.89, 1.64, 2.39, 3,08, 3.89, 4.58, and
5.39 inches downstream of the start of curvature of the transition sec-
tlion. The outer-wall taps in the same plane were located 0.38, 1.14,
1.88, 2.95, 3.70, 4.38, and 5.13 inches downstream of the blade section.
These taps were used to determine experimental velocities.

The transition-section-outlet static pressures at station 3 (fig. 7)
were measured with four taps 90° apart at each of the inner and outer
walls. All pressures were measured with mercury msnometers except the
pressure difference across the orifice for the inlet weight flow, which
was read with an acetylene-tetrabromide manometer.

Detailed surveys of total pressure and flow angle were mede st sta-
tion 3 with a combination total-pressure and angle probe secured in a
self-alining actuator. The measuring head of the probe consisted of three
slde-by-side tubes of 0.030-inch outside diameter and 0.003-inch wall
thickness. Photographs of this probe are shown in figure 12, Total-
pressure end flow-angle variations obtained by cilrcumferential snd radial
traverses of the probe were transmitted by a strain-gage pressure trans-
ducer to an X-Y recorder. The total pressure was recorded as a difference
between the inlet tank total pressure and the total pressure at the probe.

EXPERIMENTAT. PROCEDURE

The first tests with the semiveneless stator were made to check inlet
equivalent weight flow, and 95.5 percent of design welght flow was obtained
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at design stator-exit static- to -inlet total-pressure ratioc. After re-
setting the stator blades, the measured welght flow was within 0.1 per-
cent of the design value.

The stator was tested with a nominal inlet total pressure of 40
inches of mercury absolute and a temperature of 80° F. All experimental
date were teken at design exit flow condltions, which were approximated
by setting the design value of exlt static- to inlet total-pressure ratio,
as In the welght-flow check., The exit static pressure used was the aver-
age of four inner-wall taps spaced 90° apart and four outer-wall taps
spaced 90° apart, all in the exit survey plene of station 3 (fig. 7).

Radlal traces of total pressure and flow angle were made with the
X-Y recorder. Several radial positions were selected from this trace for
circumferential treverses., Cilrcumferentisl traces at these redil were
then made over a span of 22.5°, or slightly less than two stator-blade

spacings.

EXPERIMENTATL, CATCULATTONS

Inlet total pressure was calculated using the following equation and
known velues of inlet flow area, inlet total temperature, weight flow,
and inlet static pressure:

(L L qeps
e oe 1% ) |1 T N
Prfen,1 E(‘r - 153] (P)l T (P )1 i )

Experimental values of wvelocitles in the vaneless transition section
were obtained with wall static-pressure measurements and assumed values
of total pressure. The totael-pressure variation assumed wae the same as
that used in the design calculstions; a 2-percent total-pressure drop
across the blade row and an additional l-percent drop across the transi-
tion section, with this loss of 1 percent occurring linearly with axial
distance.

Radial distribution of the momentum-loss paramebter 6% was computed
using measured values of inlet total pressure, stator-exit static pressure,
and stator-exit surveys of total pressure. This parameter is defined by
equations (3) and (18(b)) of reference 3 to represent the momentum loss
a8 a retio of momentum thickness to blade spacing for s conventional
stator. These equations were used in the following modified form to com-
pute the values of 6% for the semiveneless stator. The modified version
slmply used inlet tank total pressure pd for the free-stream or ideal
conditions and measured stator-exit total pressure for the actual
parameters:

9se¥
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The redial distribution of 6% was used to get a single mass-
averaged value which, in turn, was used to compute an experimental stator
loss total-pressure ratic. The method for obtaining this ratioc is de~
scribed 1n reference 4.

RESULTS AND DISCUSSION
Experimental Velocitiles

Experimental values of velocities in the vaneless translition sectlion
are shown in figure 13 and are compared with the theoretical distribution.
Inner-wall experimental values agree very well with the theoretical values,
while outer-wall experimentsl values lndicate lower velocities near the
inlet of this sectlon and somewhat higher velocibies near the exit, The
circumferential component of velocity at any point In thils section depends
only on radius at that point; so these differences affect only the
through-flow component of velocity and the flow angle., An experimental
variation of flow angle at the walle was cobtalned by assuming design dis-
tribution of the circumferentisl component of velocity and using the
experimental velues of total veloclty shown in figure 13,

Figure 14 shows a comparison between the resulting experimental
angles and the theoretical-angle vearistion. The experimental patterns of
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velocity and flow angles ere basically the same as the theoretical with
differences in megnitude in the regions of gresatest wall curvature. The
differences that exist are belleved to result primsrily from the spprox-
imate nature of the theoretical calculation. Additlonal triels with
refined streamline geometry and smaller intervals slong each orthogonal
would probably result in closer agreement between the theoreticsl and
experimental values. Most important, however, is that there is no indl-
cation of seperation resulting from excessive negative curvature of the
walls in the region nesr the exit. The angle distributlion indicates a
reasonsble through-flow component of velocity at all points on the inner
wall rather than the condition which cccurred in an early design trial
wherein s mass-flow vold was indicated by a value of B of 20° some
distance from the inner wall.

Total-Pressure Loss

Total-pressure-ratio contours obtained from surveys made at station
3 with the semivaneless stator are shown in figure 15{(s). No trace of
the stator-blade wekes remained in the central or hub regions. Nesr the
outer wall, however, circumferential variations from the blade wakes
persisted clearly in the boundary layer snd to a lesser degree in the
free stream between & radius of 7.3 inches and the outer-wall boundary
layer. The over-all loss total-pressure ratio was 0.973.

Figure 15(b) shows contours of loss total-pressure ratio for a con-
ventionsl turbine stator designed for the same exit flow conditions as
the semlvaneless stator, This stator was tested in the same test facility
and with the same instrumentation as the semiveneless stator. The con-
tours in figure 15(b) were obtained from snnuler surveys made in a radial
plane which was spproximately 5/4 inch downstream of the trailling edge.
The wekes are clearly defined with loss accumuletione st both hudb and
tip, which resulted from cross-channel secondary flows in the end-wall
boundary layers. The loss total-pressure ratio across thls stator was
0.975. '

The difference in totael-pressure ratios for the two stators indi-
cates that a slight loss in total-pressure ratic was incurred by the semi-
vaneless stator in achieving the degree of uniformity of total-pressure
distribution shown in figure 15(a).

FPigure 16 shows s comparison of reproductions of total-pressure
traces made wilth the X-Y recorder for both the conventionsl and semlvane-
less stators. Thils figure shows the varilations of total pressure with
circumferentlial distance at four radil for each stator. Since the semi-
veneless stator produced a flow field approaching axlal symmetry, the
radisl trace of total pressure shown in figure 17 adequately represents
the total-pressure distribution at the stator exit.

12,518 4
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Flow Angle

The radial distribution of flow angle at stetion 3 1s shown in fig-
ure 18. The measured flow angles agree almost exactly with the theoreti-
cal free-vortex sngle distribution in the inner half of the passage and
within 5° in all but the wall boundary layers. The total-pressure and
flow-angle surveys, then, indicate that the semivaneless stator was rea-
songbly successful in setting up free-vortex flow without the conventional
pattern of blade wekes and secondery-flow accumulations of loss materlal.

Figure 19 shows the radial veriation of 6% for both the conven-
tional and semivaneless stators. The semivaneless stator showed greater
momentum loss near the inner wall, with & thicker boundary layer and a
loss region extending to a radius of sbout 5.8 inches. This resulted in
an over-all momentum loss approximately 8 percent grester than that of
the conventional stator.

The pressure and momentum losses computed for both stators include
normal shock losses gt the survey probe in the region of supersonic flow
near the inner wall, since the pressure measured occurred downstream of
the normal shock. .No correction to pressure upstream of the shock was
attempbed with the conventional stator because of the complicated local
gradients in total and static pressures, Earlier attempts at correcting
probe-shock losses on the basis of wall static pressures and messured
total pressures resulted in overcorrections in some areas snd subsequent
doubt regaerding corrections in all. Shock corrections were made with the
semivaneless stator, however, beceuse of the lack of clrcumferential gra-
dients in pressure. The magnitude of the correction in terms of momentum
loss 1s shown in figure 20, where the shaded ares represents survey-probe
normal-shock loss. This ares is approximately 5.5 percent of the total
momentum loss represented in figure 19 for the semiveneless stator. The
momentum loss shown for the standard stator includes a probe-shock loss
of sbout the same magnitude since the veloclty and totel-pressure levels
sre the same.

SUMMARY OF RESULIS

The semivaneless-stator investigetion included a velocity-diagram
study for the blade exit, a three-dimensional solution of flow in the
vaneless sectlon, snd experimental determination of flow conditions and
loss cheracteristics., Results of the investigation mesy be summarized as
follows:

The stator design study showed that the most critical part of the
veneless transition section 18 near the exit, where the flow approaches
the exit cylindricel asnnulus. Wall and streamline curvatures here are
opposite In sign from the curvature gbout the axis of rotatlon, causing
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a streamline shift away from the inner wall as & result of anguler mo-
mentum and equilibrium considerations. Thie condition necessitated very
low curveture in order to avold separation from the inner wall.

Experimental velocities within the vaneless transition section
showed basically the same flow pattern as the design analysis but with
somewhat different megnitudes in the regions of maximum outer-wall cur-
vature. This i1s believed to be the result of the approximate nature of
the three-dimensionsl flow solution which did not go beyond & second
trial in epproximating streamline geometry or take into account the
presence of wall boundary layers.

Total-pressure messurements made at the exit of the semivaneless
stator indlcate that this stator effectively eliminated blade wakes and
loss accumulations resulting from secondary flows. Momentum loss was
slightly gresater, gbout 8 percent, than that of a conventlonal turbine
stator tested at the same flow condition, with the increase in loss
appesring et the inner wall. Angle measurements made at this location
showed very good agreement wlth the free-vortex deslign distribution.
Wall velocities calculated with measured static pressures at the stator
exlt glso confilrmed vortex flow. .

Experimentally determined flow angles on the walls of the vaneless
section of the stator indicated a finite through-flow component of veloc-
1ty at all points and, comsequently, no separation resulting from momen-
tum considerations.

This stator was reasonably successful in setting up vortex flow
while eliminsting stator-blede wekes and loss accumulatlons.

Lewls Flight Propulsion Lsboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, March 4, 1957
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TARLE I. - SEMIVANELESS STATOR~BLADE COORDINATES

\A.xis of rotation

Hub Mean ‘I’ Tip
8
530281 51%271 48024

0.015 0.015 0.015 0.015 0.015 0.015

.160 .080 .13g .052 .153 .048

.248 121 .221 .104 .239 .092

. 302 .168 277 .143 .296 .126

.342 .205 .316 .172 .336 .150

370 | .235 344 .196 .363 .170

.388 .256 .362 .213 .379 .185

.399 .272 374 .226 .389 .196

404 .284 .379 .234 .393 .203

.405 .291 .380 .241 .393 .208

1.0 .403 .295 .378 .245 .390 .211

1.1 .397 .296 371 .246 .383 .212

1.2 .388 .294 .362 .246 .373 .212

1.3 377 .290 .352 .243 .362 .210

1.4 363 .284 .339 . 240 .349 .207

1.5 .347 .276 .325 .234 .335 .203

1.6 .331 .266 .310 .227 <320 .198

1.7 .314 .255 .295 .220 .305 .192

1.8 .297 .244 .280 .211 .290 .185

1.9 .297 .230 .263 .201 .275 .178

2.0 .260 .217 . 247 .191 .260 171

2.1 .241 .202 .231 .171 .245 .164

2.2 .221 .187 .215 .168 .229 .155

2.5 .201 .170 .199 .156 .215 .146

2.4 .182 .154 .183 .144 .198 .137

2.5 .164 137 .167 .131 .183 .127

2.8 .145 .120 .151 .118 .187 .117

2.7 .128 .101 L134 104 .151 .108

2.8 .107 .084 .118 .090 .135 .096

2.9 .089 .068 .102 .078 .119 .085

3.0 .069 |- .048 .087 .061 .103 .072

=l .051 .030 .070 .048 .087 .059
3.2 .031 .010 .053 .030 .061 .045 —

3,262 .010 .010 -—— ——— ——— ———

3.3 -—— — .038 .015 .055 .031

3.403 —— _—— .010 .010 —— ——

3.4 ———— ~— ——— ——— .038 .018

3.5 ——— ———— ——— S .010 .010
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TABLE II. - COORDINATES OF WALL, CONTOUR BEIWEEN
BLADE~EXIT ANNULUS AND STATOR-EXIT ANKRULUS
— == =7

| Blade

| ]

S N ¥

| Axis of rotetion

b'd Ry Ry
0.000 10.000 7 .400
<200 9.993 7.391
400 9.980 7.387
. 600 9.956 7.323
. 800 9.920 7.283
1.000 9.873 7.183
1.200 9.817 7.080
1.400 S.751 6.953
1.600 8.670 6.794
1.800 9.576 6.602
2.000 9.467 6.39¢
2.200 9,341 6.200
2.400 9.201 6.010
2.600 9.042 5.825
2.800 8.860 5.652
3.000 8.674 5.492
3.200 8.518 5.351
3.400 8.388 5.227
3.800 8.280 5.125
3.800 8.1%4 5.039
4..000 8.131 4,969
4.200 8.0886 4,916
4.400 8.052 4.876
4,600 8.028 4,848
4.800 8.013 4,826
5.000 8.004 4.811
5.200 8.002 4,804
5.400 8.001 4,801
5,500 8.000 4,800
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Figure 1. - Croses section of semiveneless turbine stator.
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Figure 2. - Stator-exit veloclty diegrems for semivanelese stator (stetion 3). -
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Hub flow angle at blade exit, ap, 29 deg
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Figure 3. ~ Hub flow conditlons at blade exit for design
welght flow, vortex flow distribution, and range of

tip-redius and area ratios.
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Station

L

(a) Hub. (b) Meen.

Flgure 4., - Blede-exlt veloclty diegrame for semlvaneless

32.1.2°

v
- = 0.57L
vc:l:!

(e) Tip.

stator (stetion 2).
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Flgure 5. ~ Burface end midchannel velocity distributions for semivaneless stator.
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Figure 6. - Stator-blade profiles and passages.
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Pigure 7. - Diasgrammetic sketch of test sectlon used in this investigation.
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Figure 10. - Axial views of rmdis] line at dlade exit projected along streamlines on 10
equally spaced radisl planes through transition section to etator exit where five such
projections one bleds spacing apart are shown.
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Figurs 11. - Semivaneless stator.
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Pigure -12. - Probe for measuring total pressure and angle.
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Critical veloelty ratio, V/V,n

30 . NACA TN 3980
1.1
)
(]
1.
’/,,' —h\\\
.9 Theoretliceal \\\ -
/ °
.8 //
/|
.7 ‘/
i ’///’ 9
. e
& ,,o [*)
.6
(a) Outer wall.
1.3 p——
///” ]
// °
1.2 ,/g
)
Theoretical
s
/
1.0 /////
//
| ——
9 Z
//6
.8
-1 0 1 : 2 3 4 5 6

Axial distance from start of ﬁall curvature, in.
(b) Inner wall.

Flgure 13. - Varlation of critlcal veloclty ratlo at average exit critical
veloclty ratlio of 1.056.
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Flow angle, B, deg
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transition section at exit average critical velocity
ratio of 1.056. ’
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Figure 15. - Contours of loss total-pressure ratio at
stator exit.
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Flgure 15. - Concluded. Contours of losa total-pressurs ratio at stator exit.
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Radial dlatance from Inner wall, percent of passage helght
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Figure 17. - Radial X-Y trace of total-pressure loss at exlt of semlvaneless
gtator with design stator-exit flow velocitles.
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Flow angle, B, deg
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Figure 18. - Radlal varlation of flow angle at stator exit (station 3).
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Momentum~loss parameter, o*
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Figure 19. - Radial distribution of momentum-loss persmeter at stator exit
{station 3). »
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